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ABSTRACT 


An experiment was conducted to determine the effects 
of increasing the level of saturated fatty acids in diets 
containing rapeseed oils on their nutritive properties 
for the chick using rate of growth, energetic efficiency, 
and tissue composition as criteria for comparison. The 
diets fed contained 20 parts high erucic acid rapeseed 
011 (HER), low erucic acid rapeseed oil (LER) or sunflower- 
seed Oil (SFO) or 15 parts HER’ or LER-with~ 5° parts 
palmitic or oleic acid, and were formulated by isocaloric 
Substitution of the respective oil or oil mixture for 
glucose. 

Results showed that increasing the saturated fatty 
acid content of diets Containing HER by the addition of 
palmitic acid had no beneficial effect on the decreased 
weight gain, fat deposition, or energetic efficiency, or 
heart enlargement observed in chicks fed diets containing 
20 parts HER for 3 to 4 weeks, when compared with chicks 
fed diets containing HER supplemented with oleic acid. 

Chicks ted drete containing 20 "parts LER for’: td 
4 weeks gained more weight, had smaller hearts, and 
utilized energy with greater efficiency than chicks fed 
diets containing HER. However, body fat gain and”ener= 
getic efficiency of chicks pair-fed diets containing LER 


for 3 to 4 weeks were lower than of chicks pair-fed diets 
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containing SFO. Increasing the saturated fatty acid 
intake of chicks fed diets containing LER improved 
neither fat deposition nor energetic efficiency. 

Analysis of the fatty acid composition of heart 
and carcass lipid by gas chromatography showed chicks 
fed a diet containing HER plus oleic acid for 7 days or 
3 to 4 weeks deposited less erucic and eicosenoic acid 
than chicks fed comparable diets containing HER plus 
PalmitaAc acids, 

In vitro studies showed that mitochondria isolated 
from the heart and skeletal muscle of chicks fed diets 
containing 20 parts HER for 28 days had reduced ADP/O 
ratios, but similar rates of oxygen uptake and ATP syn- 
thesis, when compared with mitochondria isolated from 
chicks fed comparable diets containing SFO. 

Mitochondria isolated from the heart and skeletal 
muscle of chicks fed diets containing 20 parts LER for 
28 days showed rates of oxygen uptake and ATP synthesis 
similar to those of chicks fed diets containing SFO. 
ADP/O ratios of Seetiese i eater ve mitochondria isolated 
from chicks fed diets containing LER were similar to 
those of chicks fed diets containing SFO; however, ADP/O 
ratios of cardiac mitochondria were intermediary between 
and no different from, those of chicks fed diets contain- 
ing HER or SFO. 


These data suggest that the erucic and eicosenoic 
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acids present in HER are the prime factor responsible 

for the poorer nukbrhetiwve -prepemtaes of this o1l for the 
chick, and that the low saturated fatty acid content of 
rapeseed oils do not impair their nutritive value:,. The 
presence of erucic acid in:the diet, possibly ‘even, at 
such low levels as found in LER, caused reduced mito- 
chondrial oxidative efficiency and may thus explain the 
decreased energetic efficiency and body fat gain observed 
in Gnicks fed. diets containing, 2.0. par ts, HER).on- LER wor 


3 to 4 weeks. 
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INTRODUCTION 


Studies on the nutritive value of rapeseed oil 
were intensified in 1970 with the finding that rape- 
seed oil induced changes in the myocardium. Since 
that time many studies have been conducted to determine 
the factor(s) in rapeseed oil responsible for its 
Cardiopathogenicity and its (their) mode of action. 
Recently the question has been raised as to whether 
a component(s) in rapeseed oil interferes with energy 
Utidizedtaon thus, contribttting: to pathological changes 
in heart and skeletal muscle. Since only limited 
information is available on the effect of high and low 
erucic acid rapeseed oil on energy utilization, the 
following in vivo and in vitro studies were conducted 


using the chick as the experimental animal. 
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LITERATURE REVIEW 


The nutritive value of rapeseed oil containing 
aiyrgmd kevel eo fceruciic dacad «(HER)) , iand «that,of-newer 
varieties of rapeseed containing little or no erucic 
acid in the oil (LER), have been studied in a variety 
of animals. These studies have formed the basis of 
several comprehensive reviews (Borg,1975; Rocquelin et 
abe MLO] Pikes LOTS). 

In early studies on the nutritive value of HER for 
the chick, Sell and Hodgson (1962) showed that when 
included at 4 or 8% of the diet HER promoted growth as 
effectively as similar levels of soybean oil, sunflower- 
seed oil, or tallow. Later, however, Salmon (1969) 
observed that’chicks fed“dilets containing’ 10;-7357/5) or 
2.09 “HER combined =with™ 07-2757 ©6E8 7052 <seoybean\oid? 
respectively, showed depressed growth compared with 
chicks fed a diet containing 10% soybean oil. More 
recently, Sheppard et al. (1971) have shown that chicks 
fed a diet containing 16% HER grew significantly slower 
than* ¢hicks fea a-dtet contatning-162 corn odie cSami- 
tarily,*Vogtmannt’et ~al?%(1973)5, "found thaty ineprporat ion 
of ‘15%°*HER’*1n “the dtet“of=the> chick* consistently pro- 


duced a lower rate of weight gain than a 15% soybean 
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oil control diet. Work by Clement (1974) has extended 
these observations by showing that whilst substitution 
of 10 parts HER isocalorically for glucose in the chick 
diet failed to suppress growth, substitution of 20 parts 
HER caused a Significant decrease in growth rate, when 
compared with a control diet containing sunflowerseed 
oil. In general, the results of these experiments with 
the chick are in agreement with results of studies with 
the rat, which have shown that rats fed diets contain- 
ing 10% or more HER grow less than rats fed diets 
containing other dietary oils such as sunflowerseed oil 
(Abdellatif and Vles, 1970a, 1973), corn oil (Beare 
et al., 1959; Hornstra, 1972); soybean oil or corn 
Oil (Kramer et al., 1973) and peanut oil (Rocquelin and 
Cluzan, L963). 

Studies on the nutritional value of LER for the 
chick have given varying results. Walker et al. (1970) 
found that chicks fed a diet containing 20% LER (1.23% 
erucic acid), grew at the same rate as chicks fed a diet 
containing 20% tallow. In agreement with Walker et al. 
(1970), Clement (1974) observed a similar rate of weight 
gain between chicks fed diets containing 10 or 20 parts 
LER (35.9. = 4.7% erucic. acid) cand chicks .fed, diets con- 
taining 10 or 20 parts sunflowerseed oil. Sheppard et 
al. (1971), however, have reported that chicks fed a 


diet containing 16% LER for 3 weeks grew at a rate which 
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4 
was Significantly slower than chicks fed a diet contain-~ 
ing 16% corm oil, and similar to chicks fed a diet 
containing 16¢ HER. Vogtmannm et al. (1973) observed a 
vatiable response to the incorporation of 15% LER (2.8 
—-2.9% erucic acid) im chick diets; low erucic acid rape- 
seed oil produced in different instances both depression 
of, amd mo effect on, growth when compared with a diet 
containing 15% soybean oil. Im the case of the rat, 
studies hawe shown LER to promote as good a body weight 
Gain as sumflowerseed oil (Abdellatif and Viles, 1970a, 
1973), olive oil (Craig and Beare, 1968), soybean and 
corm oil (Kramer et al., 1973) and peanut oil (Rocquelin 
amd Cluzam, 1968; Bocquelim et al., 1970). 

That erucic acid is the primary agent in rapeseed 


oil respomsible for its growth depressing properties 


been demomstrated (Abdellatif and Vles, 1973; 
Roocgmelim et al., 1970: Thomesson and Boldingh, 1955). 
However, it has also beem suggested that the poor per-— 
formamce of animals fed diets containing HER may not be 
Gue just to the hich erucic acid content, but may be 
due im part to the low level of saturated fatty acids, 
mainly palmitic acid, giving am umfevorable ratio of 
saturated to umsateureated fatty acids im this oil (Beare 
et al., 1963; Eramer et al_., 1975; Rocquelin et al., 
1971). 


Im studies with the chick, Clement (1974) showed 
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5 
thatr chicksetedidivets contaimingi 15 par bsolERapius 5 
parts palmitic acid grew significantly faster than 
chicks fed diets containing 20 parts HER, but at a 
Similar rate to chicks fed diets containing 15 parts 
HER plus 5 parts oleic acid. In studies with the rat, 
the beneficial effects on growth of increasing the 
saturated Gattbhylacid Content) ofa dvets: containaingeHER 
have been demonstrated in some experiments (Beare et 
ain Guages), botxcoudd not besreproducedsin others 
(Beare-Rogersy et ala 1972)a0 1 Furthermore; LERi which 
has a low palmitic acid content and an unbalanced 
saturated to unsaturated fatiyiacadiasatio cumiilari cho 
HER, has been shown to produce as good a growth rate 
as sunflowerseed oil in the chick (Clement, 1974), and 
as sunflowerseed oil (Abdellatif and Vles, 1970a, 1973) 
anaipieanuta oad (Rocovelin @nd Cluzany;, 1970); ims the rat. 
No improvement in weight gain of rats was observed when 
LER was blended with tripalmitin, tristearin, palm oil, 
Oritlard (Craig tand» Beate; 1968 )).. > Samrlarniy;! Clement 
(1974), did not find that supplementation of a diet 
containing LER with palmitic acid increased weight gain 
Garich teks! Geck acowabitumipern 2ordays fwrlibedy taty-gain 
or energetic efficiency of chicks pair-fed for 26 days. 
It has been suggested (Rocquelin et al., 1970, 1971) 
that the observed growth depression in rats fed high 


erucic acid rapeseed oil is due mainly to the presence 
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of erucic acid in the diet and that the unbalanced 
ratio of saturated to unsaturated fatty acids only 
influence growth when the dietary linoleic acid supply 
LSvequaintotor Mess! than’ iv. oOfaitheototalafatty? atad 
content. Clarification of the possible beneficial 
effects on growth and energy utilization of supplement- 
ing diets containing HER with palmitic acid is required. 

In addition to its effects on growth and feed 
consumption, rapeseed oil feeding has been associated 
with a variety of pathological changes, predominantly 
in tissues dependent on fat for energy (Abdellatif and 
VeLes58 L970, AL.O73 )40 \ Markedtmilteration vin ‘the Japid 
composition of skeletal muscle, heart, liver and other 
organs has been noted (Abdellatif and Vles, 1970a; 
Beare-Rogers et al., 1971; Beare-Rogers and Nera, 1972; 
Kramer ‘evita lo, 1077 SS elsievand: Hodgson, ‘L962;, Walker, 
17-0) f 

It has been established that feeding a diet con- 
taining) LO iommore) HER: tortthe rabhia.sxchanagkerized by 
alviapad iailse! im tcardiac iapid, .reachinge maxinum ainteén- 
sity after 3-6 days; with continued feeding the lipid 
bevel ‘declines towards normal but is followed ain: 2-6 
months by histiocyte infiltration, myocardial necrosis 
and Sf Tistto susinitbdelilati pppoe]; Bord, WorS) si cobthough 
it is established that the inclusion of LER in the diet 


of the rat does not lead to an early accumulation of 
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lipid in the heart, recent evidence has been presented 
to suggest that the long term feeding of rapeseed oils 
low in erucic acid content will produce cardiac lesions 
(Beare-Rogers,et al., 19/43, Chariton,et-ad., 1975; 
Rocaved2n Et os, 1970. 1971). The cause of the cardiac 
lesions observed when rats are fed diets containing 

LER for prolonged periods of time is unknown. 

The effects of adding saturated fats to diets 
COnlLAININGy HER. Ore Lek. On. Cardiac. Jipnid aceumudetion 
and lesions in the rat has not been studied extensively. 
Beare-Rogers et al. (1972) have reported that rats fed 
diets containing 20% synthesized oils with a low level 
of saturated fatty acids and a high level of erucic 
acid showed histiological andication (Oil, Red) O.or 
hematoxylin-phloxine-saffron staining) of aggravated 
deposition of fat and necrosis of the heart, however, 
addition of saturated fat.to,the.diet, had no. signifi- 
cant modifying), action. 

Lh contrast to. the rat, it hasbeen, shown,that 
Chicks fe a.,d1eb -ComlLagnahngpUPp wee 20 pacts, ER.¢€o.ngE 
accumulate lipid,in their hearts.(Clement,..1974;,.Vogt= 
mann et al., 1974). However, Clement (1974) observed 
that @Ghicks, fed . @iet.containing 20 parts sveER for, 24 
days had significantly heavier hearts with significantly 


lower fat content, than chicks fed diets containing 20 
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8 
parts sunflowerseed oil for 24 days under both pair- 
feeding and ad libitum regimens. In the same experiment 
(Clement 1974)., ‘the anelusion of 20.parts LER in the 
chick's diet did not. alter heart size or, fat,content. 
In a subsequent ae Clement (1974) found that 
supplementation of a diet containing HER with palmitic 
acid significantly decreased heart size after 26 days 
of ad libitum feeding when compared to a diet contain- 
ing unsupplemented HER or HER supplemented with oleic 
acid. Other workers, however, have reported that chicks 
redva tivet contarning 5, 10: or 15% HER, LER or soybean 
Orb tor 2o, days . (Vogemann eb al., 1974) , or 16% HER, 
GeRiC acorn. Gm. Lon 2iidavs (sSneppard ebial., 19/1), 
had similar heart sizes. The reason for the lack of 
agreement on the effects of HER on chick heart size 
between the results of Clement (1974), and those of 
Vogtmenmw et: al. (1974) and Sheppard et al. (1971) may 
be due to the higher level of HER in the diets in 
Clement's study. The reason why, in contrast to the 
tay, Ene Inclustom Obe20. parts HER tin the diet of.the 
chick caused an increased heart size but no increase in 
heart lipid content (Clement, 1974) is not known. 

Many studies have been conducted to determine why 


fat accumulates in the hearts of rats fed diets 
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3 
containing high, erucic ‘acid rapeseed oil, It has been 
attributed to slower rate of oxidation of erucic acid 
due to reduced activity of enzymes of fatty acid acti- 
VeatLron (Bond “et aly, 1975; Cheng and Pande, 1975));. bo 
reduced, activity of enzymes Or vhacty acid oxidation 
(Kramer et al., 1973; Swarttouw, 1974); to inhibition 
of mitochondrial oxidation of fatty acids. by a mito- 
chondrial metabolite of erucic acid (Christopherson 
and Bremer, 1972; Christopherson and Christiansen, 1975; 
Heijkenskjold ana wrnsten, WI7Sis to drtrticulties. in 
the oxidation of erucic acid involving its carnitine- 
dependent transport to the.sites of p-oxidation 
(Bulhak-Jachymezyk and Hubner-Wozniak, 19:74); and to 
impairment of ATP utilization due to changes in membrane 
fatty acid composition (Blomstrand and Svensson, 1974, 
19755 Ciandinan, 19.765). 

Other studies have also indicated that energy 
utilization may be impaired when rats are fed diets 
containing high erucic acid rapeseed oil. Thus, Horn 
stra (1972) found that cats fed diets containing 313 
HER gained less weight per unit of digestible energy 
consumed and had a greater oxygen uptake and water 
vapor loss than rats fed comparable diets containing 
sunflowerseed oil. Hornstra (1972) proposed that incor- 
poration of HER in the rat's diet caused a slight un- 
coupling of oxidative phosphorylation with energy lost 


in the form of heat rather than conserved as ATP. 
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Studies by Houtsmuller et al. (1970) have also indicated 
impaired energy utilization in rats fed diets contain- 
ing HER. These workers (Houtsmuller et al., 1970) have 
demonstrated decreased rates of oxygen uptake and ATP 
synthesis by Pe cenenritie. ces tates from the hearts of 
rats previously fed diets containing HER, and thus have 
proposed that erucic acid causes a decrease in the 
capacity of isolated heart mitochondria to oxidize sub- 
strates. Recently, however, Dow-Walsh et al. (1975) 
concluded that when isolated in the presence of heparin, 
mitochondria from the hearts of rats fed a diet con- 
taining 20% HER were functionally intact with respect 
LO, oxidation and energy coupling capacity 

In in vivo studies, Clement (1974) has shown that 
ehicks) fed diets containing 20 parts HER for 26 days 
utilized energy less efficiently (determined as energy 
consumed/unit of energy gained) than chicks pair-fed 
comparable diets containing LER or sunflowerseed o11. 
In a subsequent experiment, Clement (1974) found that 
Ween pair-ted, chacks fed diets containing 15 parts HER 
plus 5 parts palmitic acid utilized energy more effi- 
Piety ehan chicks ted diets contamming 20 pasts dInR, 
but with the same efficiency as chicks fed diets con- 
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ase Of LER, Clement (1974), found that chicks fed 
diets Containing 20 parts LER, 15 parts LER plus 5 
pares palmLtve acid-or 15 parts: LER plus 5) parts 
oleic acid showed similar energetic efficiencies (kcal 
consumed/kcal gained). 

The following study was conducted to confirm the 
aforementioned results of Clement's on the effect on 
the energetic efficiency of the chick of supplementing 
a covet "containing 15) parts HER or LER with 5 parts 
palmitic or oleic acid. Subsequently, experiments were 
conducted to study the oxidative activity of mitochon- 
dria isolated from the heart and skeletal muscle of 
chicks fed diets containing HER, LER or sunflowerseed 
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EXPERIMENT 1 


Tneepurpose of Ghas experiment was to contarm 
the results of a previous study (Clement, 1974) con- 
ducted in this laboratory on the effects on growth 
and energy utilization of modifying the ratio of satu- 
rated to unsaturated fatty acids in high and low erucic 


acid rapeseed oil, when fed to chicks. 
Materials and Methods 


Diets containing 20 parts high erucic acid rape- 
seed oil (HER), 20 parts low erucic acid rapeseed oil 
(\LER),, 20.parts sunftlowerseed orl: (SFO) or mixtures. 
composed of 15 parts HER or LER and 5 parts palmitic 
or oleic acid were formulated from the high carbohydrate 
diet (Table 1), by substituting 20 parts oil or oil 
mixture isocalorically for glucose. Metabolizable 
energy values used in formulating the chick diets were 
glucose’ 3.64"*kcal/gq CHT? et “ad/.4*+4960)4, HERA7R37 kcal/g, 
LER 8.79 be Wah and SFO 8.88 kcal/g(Renner, 1967), 
paimitic acid 4.59 kcal/g and oleic acid 8.31 kcal/g 
(Renner and Hill, 1961). The composition of the diets 
is shown in Table 2. | 


Each diet was fed ad libitum to duplicate groups 
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Composition of high carbohydrate diet 


Ingredients Per cent 
Constants 
Soybean meal (50% protein) | S500 
Glycine 1460 
Methionine Oa 50) 
Brewer's dried yeast 2250 
Dried whey 2.00 
Limestone Lisa 
Dicalcium phosphate 1.84 
Sodium chloride 0.60 
Soybean oil 0250 
Choline chloride (503) 0.60 
Chromic oxide "bread"l L.00 
Mineral mixture2 Oak 
Vitamin mixture? 0.28 
Antioxidant4 0.025 
Variable 


Glucose? 52.605 


torts is 303% Cr,0, in wneac. ft loux, 


2mwinednall mimture supplied in mg/313 kcal of diet: 


K,HPO,, 220; MgSO, 5: Mnso.,°H,0, BO Fesd, 7H,9, 
28;2nC0,, Le RS CuS0,°5H,0, Osi cae al ee Oye NaSe0,, 
OVO? 


sVitamin mixture supplied in mg/313 kcal of diet: 
thiamimecHicl 7, f&b2eO 2 bof Lavin; (P20; -Cai-paritothenate, 
A Ors Git), 0. O04 sume LAOcEne we. OF INI ACin, ion; GOL 
acim, O35; menadione, 0.3; aureomycin,: 1.0; vitamin 
Bio: 0. OO000Ss witamin A, L000 .I.U.> vitamin Dy, 150 


Doe Vitamin EB, Bo 13U: 


“Gontaine 25% ethoxyquin. Monsanto Chemical Co., 


St... ous) Massour:, USA: 
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TABLE 2 


Composition of diets 


CY ta ck et ae a Constant 1 
Oil Palmitic Oleic orecnanes Glucose Cellu- Total 
acid acid lose 

g g g g g g 3 g 
SFO? 20 - ~ 47.40 BieG.2 9.44 80.66 
HER? 20 _ - 47.40 eae Vale 9.44 88.95 
HER 1s 5 - 47.40 1S: 49:2 9. 44:0. 921406 
HER be _ 5 47.40 LOSS 944% . 87.65 
LER? 20 - - 47.40 Ae Sk OAs i OLS 
LER Ls 5 - 47.40 10-08 9.44 86.92 
LER 15 “5 5 47.49 4.97 Ora, 7 US . SL 
tcerelose. 


*xlpha-floc BW-40. Brown Company, Berlin, New Hampshire, USA. 


3 sunf lowerseed Olt woartt Lon usa CO=OD Vegetable Oils Ltd., 


Altona, Manitoba. 


4 igh erucic acid rapeseed oil. Western Canadian Seed 


Processors Ltd., Lethbridge, Alberta. 


> Low erucic acid rapeseed oil. Western Canadian Seed 


Processors Ltd., Lethbridge, Alberta. 
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us 
of 10 male crossbred (Dominant White X White Plymouth 
Rock) Chicks £rom 4 to 24 days of age., im addition, 
each diet was pair-fed to duplicate groups of chicks 
trom, 4 to Llvand from 4 to 24 days Of age. In pair- 
feeding, the feed intake of each group was restricted 
to that of the chicks fed the diet containing 20 parts 
HER. 

During the first four days of life the chicks were 
fed a semi-purified, high carbohydrate diet. They were 
then assigned to the experimental groups, equalizing 
both mean body weight and weight distribution among 
the groups. The chicks were housed in electrically 
heated, thermostatically controlled battery brooders 
with raised wire-screen floors, in a temperature 
controlled laboratory. 

Water was supplied ad libitum and feed wastage 
was determined daily throughout the experiment. Data 
on growth and feed consumption were obtained weekly. 
During the third week of the experiment excreta were 
collected from chicks fed ad libitum so that metaboli- 
zable energy of the diets could be determined. Collec- 
tions were made at 24 hour intervals on 3 successive 
days, and the excreta were kept frozen until processed. 
Chromic oxide was incorporated into all diets as an 
index substance, thereby eliminating the need for 


quantitative measurement of feed intake and 
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Quantitative collection of excreta. The methods for pro- 
cessing excreta, conducting chemical analyses on excreta 
and diet samples for moisture, nitrogen, combustible 
energy, fat and chromium oxide, and for computing metab- 
Olizable energy have been described previously (Hill and 
AndeesongnlIgss) Hybbocetoali, oL960 7 [Rénfier andr HPP’ 29GE0) . 

At the end of each feeding regimen the chicks were 
killed using chloroform, and the liver and hearts re- 
moved and stored at -29° until analyzed. The contents 
of the gastro-intestinal tracts were removed and the 
remaining carcasses of each group were frozen, ground, 
mixed and a sample dried by lyophilization. The dried 
samples were then ground in an analytical mill (Teckmar 
Company, “Cincinnet1’)“"OhioFr USA). “At fehe beginning of 
the experiment, 2 groups of 10 four-day-old os eRs were 
killed and prepared for analysis using the above proce- 
qduve, Goren tlosue Gains OF Lat ana protein of tlie Ted 
chicks could be calculated. 

In preparation for analysis, frozen hearts were 
sitced™thinly and “dried by “lyophilization. “Motsture 
content was determined by difference. The dried samples 
were ground in an analytical mill and stored a oe 
until analyzed. 

Carcass and heart samples of chicks pair-fed for 
7 and for 20 days were analyzed for protein, fat, and 


moisture using the methods described by Hill and 
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17 
Anderson (1958). The fatty acid composition of heart 
and carcass lipid were determined from methyl esters, 
prepared by the method of Metcalfe et al. (1966) and 
using a gas chromatograph (Bendix 2500, Model 2532-2, 
Bendix Process Instr. Div., Ronceverte, West Virginia, 
USA) ,equipped with a 350 X 4mm a column packed 
with 10% phenyl-50 cyanopropyl on 80/100 mesh Chromosorb 
W and a flame ionization detector. Peaks were quanti- 
tated by use of a digital integrator (model 5300, Spectra 
Physics, Santa Clara, California) and identified by 
comparison with methyl esters of known reference oils 
(AOCS oil reference mixture RM-3, Supelco Inc., Belle- 
fonte, Pennsylvania). 

The fatty acid composition of the oils fed was 
determined by the methods used for analysis of heart 
and carcass lipid. The fatty acid composition of each 
of the diets is shown in Table 3. 

For comparative purposes the results of this experi- 
ment are) presented) together with those of a,similar 
study (Clement, 1974), in which chicks were fed diets 
cContaaning 20 parts SEO, HER on LER. or 105 parts HER 
or LERaplais 5 parte: palmitic. or oleic acid for s/ and 
26 days. The combined results of both experiments were 
analyzed statistically using analysis of variance. 


Sources of variance consisted of treatments (n=7), 
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experiments (n=2) and duplicate groups within each 
treatment by experiment combination. Duncan's mul- 
tiple range test (Steel and Torrie, 1960) was used 


for comparisons between means. 


Results 


Data showing the average weight gains of chicks 
Fed diets in which 20 pamrs of the omer o11 mixture 
were substituted isocalorically for glucose are 
summarized in Table 4. For comparative purposes data 
obtained by Clement (1974) are also included (Experi- 
ment 1A). Analysis of variance and application of 
Duncan's multiple range test (Steel and Torrie, 1960) 
to the combined data from both experiments showed that 
chicks fed diets containing 20 parts,HER grew,signifi- 
cantly slower and consumed significantly less feed 
than chicks fed dietsSacentaining 20,parts SFO, the 
effects being similar in both experiments. The data 
also show that chicks fed diets containing HER plus 
palmitic acid grew at the same rate as chicks fed 
qiers containing HER pitic oleqc cad). thus aucdicat ong 
that ancreasing the saturated to unsatupatpcd laity 
ACul aero. gd not arrect Growth signiticancly, ‘This 


finding was consistent in the two experiments. 
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TABLE 4 


Weight gain, energy consumption and feed efficiency of chicks 
fed experimental diets ad libitum for 20 or 26 days 


Dietary. level 


Palmitic Oleic EXP.) Weight Kceal 5 Feed 
ash acid MCI CIN. gain consumed efficiency 
g g g g kcal/g gain 
SFO? 20 : SPO. 586 2568 4.38 
ee nae 2864 heel 
590 2716 4.60 
3 
HER”. 20 oe, vil 497 2238 4.50 
PACHA OGEM. 2414 ange 4. 
502 2396 4.63 
HER. £6 5 2. gly 445 W257 SO? 
1A 82 F. DOR ee scp MLAS - ix 
514 2456 4.82 
coe iS ws cin gil 486 2318 Ta be 
i ehiamise' O51 6 ieaaiy, 
510°° pao. Teh wes 
LER? 20 -s ee 5 ANG 589 4.48 
Weve meses 2458 es 
ee 2520 Fee is 
LER 15 5 a, be 5 Et 2707 4.78 
ie Sy 2696 oa at 
sce O00. oS 
LER 5 2 Piha 529 2442 AAG 
iW keke: (ae) 2544 45> 
ay tae 2493 sn563 


1 experiment 1 refers to data from this experiment, experiment 
lA to data obtained by Clement (1974) in a similar study of 
26. days. duration. 


{ee lcnlared using determined metabolizable energy values for the 
diets. 
See hoetmekes 3-5, Table 2. 


*Yalues are averages of duplicate groups. Underlined values are 
averages of duplicate experiments. Values without a common .let- 


ter in their superscript are significantly different (P¢0.05). 
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Statistical analysis of the combined data also 
showed that chicks fed diets containing 20 parts LER 
consumed significantly less feed and gained less, but 
not significantly less, than chicks fed diets contain- 
ing 20 parts SFO. Results showed that the growth 
promoting properties of LER varied between experiments, 
being equal sto SHO in this experiment, (Exp. 1) but 
Significantly less than SFO in Clement's experiment 
(Exp. 1A). The data also show that chicks fed diets 
containing LER plus palmitic acid ‘grew at) a similar 
mate to chicks fed diets) containing LER plus “oleic acid, 
comparable results being obtained in both experiments. 

Summarized ian Tablei5 are data ‘showing weight gain, 
energy consumption, and feed efficiency of chicks pair- 
fed the experimental diets for 20 days in this experi- 
Ment GEap. ) amd for 26 udays in 2) simmer study (xp. 
1A) conducted by Clement (1974). The results of both 
studies show that the addition of neither palmitic acid 
NOn OLeLG ecid toa diet containing “HER: or LER wad. any 
beneficial effect on growth when feed intakes were 
teste vereo to. that of chicks, fed diets containing un- 
supplemented HER. The reason why chicks fed diets 
Containing HER ad libitum for 20 or 2e ‘days/qrew faster 
thanschickssied wan equicaloriceamount of HER «pilus 
pe liter Ol OLe1C acid, jor. LER plus-palmitrendeid is 
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TABLE 5 


Weight gain, energy consumption and feed efficiency of chicks 
pair-fed experimental diets for 20 or 26 days. 


Dietary, level 


Onl Palmitic Oleic Exp. Weight Kcal Feed 
acid ae. Lidie "NO: gain consumed efficiency 
3 9 g g J, kcal/g gain 
SFO. .20 = = Al 451 2042 4.53 
1A 486, gbe g202551982 chads cng ae 
HER? 20 - = ih 497 2238 4.50 
1A OTE See dog 4.76, 634 
HEE 15 =) ~ 1 430 e 2235 Dye 0 
a 
1A 490 165 mere! a ae OOS 
HER, 1S - 5 di 459 Zak 60 L 
1A ue hie ee” erp 4 eee 
3 
LER 20 “ = 1 448 2092 4.66 
1A Ae 22985954 4.77, 75ab 
LER: «45 5 - ]. 416 21) Ba 22 
1A qo Oana 235855 ¢,b¢ eae poe 
LER 15 ~ & ae 428 ed ch 4.94 
1A 486, .7ab 225351992 4.64, 39h 


lL exper iment 1 refers to data from this experiment, experiment 
1A to data obtained by Clement (1974) in a similar study of 
26 days duration. 


‘calewlated using determined metabolizable energy values for 
the diets. 


ae footnotes 3-5, Table 2. 


4 values are averages of duplicate groups. Underlined values 
are averages of duplicate experiments. Values without a 
common letter in their superscript are significantly 
different. (PCoO.'05)'. 
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Data on carcass composition summarized in Table 6 
show that chicks fed diets containing HER or LER 
deposited significantly less body fat and utilized 
energy less efficiently (P<0.05) than chicks fed a diet 
containing SFO, the effects being more marked in Experi- 
ment 1 than in Experiment 1A. Results show that chicks 
fed dietS containing HER or LER supplemented with 
palmitic acid deposited similar amounts of fat and 
utilized energy with the same efficiency as chicks fed 
diets containing HER or LER supplemented with oleic 
acid, respectively. These results indicate that the 
decreased fat deposition and energetic efficiency 
observed in chicks fed diets containing HER or LER was 
not due to their low saturated to unsaturated fatty 
lou e Mevar-h apes 

Analysis of the combined results of both experi- 
ments summarized in Table 7 show that after 7 days of 
pair-feeding, chicks fed diets containing 20 parts HER 
deposited significantly less fat and utilized energy 
with significantly less efficiency than chicks pair-fed 
Simiwar Jevels OF SFO or LER. ~ Modification of the fatty 
acid composition of either HER or LER by the addition of 
palmitic or oleic acid had no significant effect on the 
amount of fat deposited or the efficiency of energy 
Mclazation arter 7 days, the results, being consistent 


between experiments. 
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Energy consumption, carcass gain of fat and protein, and energy utilization 
of chicks pair-fed experimental diets for 20 or 26 days. 


Dietary. level 
Palmitic Oleic Exp 


Oil acid acid No. 
g ~ g 
sFo4 20 = = 1 
1A 
; HER‘ 20 = = 1 
1A 
HER 15 5 = 1 
1A 
HER 15 = 5 i 
1A 
LER 20 = cs 1 
1A 
LER 15 5 = 1 
1A 
LER 15 = 5 1 
1A 


Kceal 
consumed 


2042 
2392 
22172? 


2238 
2413 
2326° 


24783: 
2392 a 
2294 


2301 
2448 


2374° 


2092 
2298 4 
2195 


2171 
2358 
2264P° 


2112 
2253 - 
2182 


Carcass Gain 


Energy 
Fat Protein utilization 
g g 
52.7 ae 2.20 
a Ue eae 2.261 
54.5 84.9 por 
46.4 74.4 a 61 
46.6 93.1 2.50 
4645" e308" toa 
48.2 71.8 2EBD 
52.7 91.2 3932 
50.4% 61 e5an 2.4675" 
46.2 76.9 2.64 
51.9 92.2 240 
4926 ee BAroce 9 53c0 
48.0 Ting zea 
50.4 90.6 2.32 
Agtoo? 16h ge ahcd 2.36> 
45.8 71.8 2.59 
49.5 91.8 2.39 
ny hee” aes 2.49°4 
45.3 70.7 2.56 
61.8 90.7 0. 6 
Assen) 80.3 aC le 


experiment 1 refers to data from this experiment, experiment 1A to data 
obtained by Clement (1974) in a similar study of 26 days duration. 


2calculated using determined metabolizable energy value for the diets. 


3xKilocalories of metabolizable energy consumed/kcalorie gained. 


4 see footnotes 3-5, Table 2. 


Svalues are averages of duplicate groups. 
of duplicate experiments. Values without a common letter in their 
superscript are significantly different (P 


Underlined values are averages 
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TABLE 7 


Weight gain, energy consumption, carcass gain of fat and protein 
and energy utilization of chicks pair-fed experimental dicts for 7days. 


Dietary level ee Re 
Oil Palmitic Oleic Exp. Weight Kcal Energy 3 
acid acid No.l. gain consumed “Fat Protein utilization 
49 g g g,. g g 
SFO 20 - - iL 118 489 8.8 ALIS AXE 2.86 
1A 92 e 410 5 LOR . Sy ets 4 PL Sales} S 
105 450 9.8 15.6 2.52 
4 
HER 20 - - iL 117 540 They PA 15.0 3.56 
1A 99 - 419 ab yet c 16.0 z 2.60 b 
108 480 ee ESS 3.08 
HER 15 5 ~ 1 107 543 6.6 14.0 3.86 
1A 95 410 8.5 ED 2:9 2.40 
tore.  47eo hoe” ES0S 4.13 
HER 15 - 5 1 Jes} 556 6.6 ILA Ss 3.86 
1A 92 423 8.7 Se DD Z 
10370... 490. oe ae ee Swe 
LER? 20 - - 1 115 498 Auch 14.4 Bhs 
1A 99 ms 392 10.0 be 16-6 . 2.08 4 
107 445 Sg 185 5% 5 Pe (5S: 
GERey eS 5 - ik WAY As S22 14.8 Base) 
1A 96 A 404 plo. 2 a 16.3 a 7c, AS a 
109 464 9.2 Sr 6 DPA. 
GER 5 - 5 1k 114 499 8.6 ake Wear 3.04 
1A 99 2 386 eS clb-0 : 1.94 3 
106 442 Or leSeerd 2.49 


experiment 1 refers to data obtained in this experiment, experi- 
ment 1A to data obtained by Clement (1974), in a similar study. 


tGatoulated using determined metabolizable cnergy values for the 
diets. 


3KiOcalories of metabolizable energy consumed/kcalorie gained. 


aCe footnotes 13-5, “abilie 2). 


>Values are averages of duplicate groups. Underlined values are 
averages of duplicate experiments. Values without a common 
letter in their superscript are significantly different. 

(P< 0.05). 
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Data showing the average weight and fat content of 
the hearts of chicks fed diets containing 20 parts oil 
OF -Os-l Mi xtune tor 6/7 <or 20 days (Exp.-4)4;are-shown—in 
Table 8. For comparative purposes data obtained by 
Clement (1974) are also tee ideas (Exp. 1A). Analysis 
of variance and application of Duncan's multiple range 
test (Steel and Torrie, 1960) to the Combined results 
of the two experiments showed that chicks fed diets con- 
taining 20 parts HER@had Signiticantly Wearger hearts at 
20/0rF 26 days,Abutenot at. 7 dave, thanachicksseied dicts 
COmtainings20 pants SFO or LER wander veither ad, libitum 
or pair-feeding conditions. These results were observed 
in both experiments. Results also showed that the in- 
crease in heart size of chicks pair-fed a diet containing 
20 parts HUR for 200m 26 days was not due to the accumu-— 
lation of fat; the tat content Ofehearts of chicks “fed 
diets containing HER, GER, “or SFO were similar in both 
experiments. Heart size and levels of cardiac lipid in 
chicks fed diets containing 20 parts LER were similar to 
Phnese Of chicks ted diets containing 20 parts SFO, :irre- 
spective of method and length of feeding, and experiment. 

Statistical analysis of the combined data for the 
two experiments also showed that chicks fed diets contain- 
ing HER plus palmitic acid had hearts similar in size and 


fat content to chicks fed diets containing HER plus oleic 


_ 7 Pit ' 2 : j on 
‘ a I . i 8) a =i " ‘ah 

Bo tet a cas ; A. 
as 


- * | 
; oA nw ek : a “AY 1 | 
mee ee , mh An A 


to tnsinoo jst be ke: . T9¥s pelt 
. ie sioiteloe 
tto etieg 6s iris 


a 
at mwode 9x6 ao pe i 
7 
yc Kenpadee SIR ai age 


eieyfenA .(AI .gxy@) , Betpior 


= . = 


spnsi siqicium a" neormud ¥0 an — 

atives: henidmoo Sent of (ROL yeizxoT bas - fons 
-noo 2tsib bst atokd> tadd _ ednomisoaxs owt oi 
ts edisod xepsrel yisnsoitinpre ~~ asa OS tinkes 
etolb bet edvids asdt ‘ays VY 18 He gud veyed ‘Bs 16 


a ae 

mgidil bs szedis's 3ashar Ae, seulQhee2 244 OS points? oD 

. " ou - as 

bsvieado stew ativest sgedT .ang@Ea tones Quinoa see 1 


- 
-a't eft taoit beawode oels etinest iadhemexraqne <s 
onifisinos 29ib 6 Bet-aisq avis. ie anie Jiped mi ¢ 
-ymuo5s oft oF oub ton eaw =yv5m BS 10 0S gO0t ASH atizsq 0 
bat exoinds to axrssa Yo ¥nbiiees: ee ots  ;3t67 1o ho! 

Aa a 


riod ani +Séllioee stew O88 to ,AT . aa erinistnoo FaLE * 7 
= : 


. i" a : a re 4 
ni biarl ssihtes Yo BSleval Bas sste J1seh sacgenaae eee 


oF uslimia- ote SND agisa OF eaiarfesgesa eteck bet edoin 
i ~~ | 


Peas tye 
: 


.jnamiisgxs bose ,pabbes? Re dépred bas. bodiem ve visooie 2 
= 4 


aij 107 5385 bonidmoo oft to ateyisns Isa tzars > : nef 
-aistnen ateib bel atoids dadz Bowotla cele 2 | saa a ; 
big osie ni welimie edgissd Bea bios oidimleg eu qs H pn. 


ts > me ee sve 2 ert Os Berl af BMOO egeii helt sdopbis: 


oielo eula AAU pninissnoo atoib best exoino ot Sdn: 


TABLE 


8 


27 


Weight and fat content of hearts of chicks fed experimental diets for 7 and for 20 or 


Dietary level 


26 days. 


Palmitic Oleic 


Oil acid acid 
g g g 
SFO” 20 S = 
HER” 20 = = 
HER 1S 5 - 
HER 15 = 5 
LER” 20 - - 
LER 15 5 = 
LER 1S - 5 


lexperiment 1 refers to this experiment, 


in a similar study. 


2mg heart/g body weight. 


EXP, 


Ad libitum 


20 or 26 day | 


Heart Fat 


$1ze 


mg/g % 


3petermined on a wet weight basis. 


4ng heart/g carcass. 


Ssee footnotes 3-5, Table 2. 


Svalues are averages of duplicate groups. 


experiments. 
different (P¢ 0.05).. 


content~ 


Pair-fed 
en oieday 
Neart , Rat 
Size content 
mg/g % 
9.34 9.66 
8.72 ee 
9.03 9.43 
9.85 9.83 
9.40 9, 7.94 
9.62 8.88 
9.80 8.54 
8.99 8.80 
9.40%? Se 
10.05 10.20 
8.85 8.30 
9.459 9.25 
9.34 10.46 
8.77 ee ae 
9.06 9.92 
9.26 9.84 
9.28 9.80 
9,272> 9.82% 
10.36 10.33 
9.50 10.06 
9.93 10.20 


} 


20 or 26 day 
Heart Fat 
= size content 
mg/g % 
7.90 14.44 
Gabe Tob Oe. We 
7.13 13.62 
8.80 14.62 
7.93 12.23 
8.367 NEW, ote 
8.86 13.59 
6.82 11.59 
7.84°° 12.592? 
9.10 13.88 
7.45 bess 
8.284 12.72P¢ 
755 eter 
6257 11.68 
7.06% one 
8.26 12.98 
or gs ere 
7.33 11.69 
8.14 14.22 
6.60 12.12 
379° 13.17°° 


experiment 1A to data obtained by Clement (1974) 


Underlined values are averages of duplicate 
Values without a common letter in their superscript are significantly 
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28 
acid. This effect was observed in all feeding regimens 
and in both experiments. Thus, these results indicate 
that the increase in heart size of chicks fed diets con- 
taining HER was not due to a low saturated to unsaturated 
fatty acid ratio. Results'also showed that, irrespective 
of feeding regimen, and in both Experiment 1 and in 
Experiment 1A, chicks fed diets containing LER plus 
palmitic acid had hearts similar in size to chicks fed 
diets centaining BER plus oleiceacid. Thais Lindingggives 
support to the concept that a low saturated to unsaturated 
fatty acid ratio was not the cause of the enlarged hearts 
observed in chicks fed diets containing HER. 

Data summarized in Table 9 show the erucic acid 
Content of Weart and carcass lipid of chicks pair-ted 
the diets containing the oils and oil mixtures. Analysis 
of variance of the factorial arrangement of treatments 
showed that chicks fed diets containing HER deposited 
SiGikimncantdiayemorewesuciclaced in heart and carcass lipid 
then hick sated daets: containing LER. This effect was 
observed in both experiments. The data also show that 
modaLication Of HER “by the addition .of oleic: acid caused 
Stontricantiy less “accumulation of Grucic acid in both 
heart and carcass lipid than did the addition of palmitic 
acid at 20 and 26 days, when the results of both experi- 
ments were combined. However, in the individual experi- 


ments, the effect was significant in Experiment 1A but 
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Erucic -acid éqntent of heart and carcass fat of chicks. fed 


experimental diets 


Dievary level 


Oil Palmitic Oleic EXPs 7 day Z20 Or (26 day 


acid, acid. No, Carcass Heart Carcass Heart 
g g g % % D % 
HER 00. tee 7aG- g 2 122 9.1 
ie Be af aia Lees . cen 
8.4 Pal LEES6 9.3 
HER 15 5 - 1 5.9 4.5 1092 9.3 
1A Bo 2 6S Balt, 130 easy” 7 
Te 5 LPe6 OFZ 
HER 15 s 5 ui 5.9 3.9 9.3 8.4 
1A 6.9 4.4 9.6 9.1 
aoa 4.22 eas sa 
LER? 20 ns = it V3 O83 0 0.6 
1A 2 .One,, 0.8 200 hes 
Zool o.6f Leo i. 
her. 15 5 = af 5 0.5 0.9 0.5 
1A lee 3 Quy Ves agte) 
e ef ° 2 
1.4 0.6f eye 0.34 
BER OES = 5 ‘I leo O33 0.5 0.5 
1A Be OMT ie 0.8 
f 
re peer 0.8° ae: 
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ter Gem, Of total fatty acids. 


*experiment 1 refers to this experiment , experiment 1A to data 
obtained by Clement (1974) in a similar study. 


ane footnotes 3-5, Table 2. 


4yelues are averages of duplicate groups. Underlined values 

are averages of duplicate experiments. Values for carcass and 
/or heart samples obtained for a given feeding regimen without 

a common letter in their superscript are significantly different 
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Only a trend was observed in Experiment 1. Similar 
results were obtained at 7 days except that in the case 
of carcass lipid the decrease in erucic acid caused by 
the additron of oleic. acid’) to HER was motegreat enough 
uO (be stoniticant. Modvtacation of the fatty acid 
COMpOSi tren OLRGER by the: addition of ‘palmitic or.oleic 
acid had no significant effectson erucic acid deposition 
at either 7 or 20 and 26 days; this observation was the 
same in the two experiments. 

The eftect of moditying the fatty acid composition 
Of HER andgbLER iby. the addition’ of palmitic or oleic “acid 
on the deposition of eicosenoic acid in heart and car- 
eass lipid) is shown in Table. 10. Analysis’ of variance 
of the factorial arrangement of treatments showed that 
moadriication of ‘the fatty acid scompocition of HER. by 
Ene dda tion or oleic acid tresulted in significantly 
less accumulation of eicosenoic acid in both heart and 
carcass tissue than did the addition of palmitic acid, 
when the results of both experiments were combined. In 
the individual experiments, the effect was significant 
in Experiment 1A but only a trend was observed in Exper- 
iment 1. Modification of the fatty acid composition of 
LER had no significant effect on the deposition of 


eicosenoic acid in heart and carcass lipid. 


ay. i ee an 


2 ee 


of} , i 


o€ i var % oa i 
wafince. hoes 
capo afd ni tedd $qooRS “ath 
yd beavso bits. biouns ab 


aaa 


‘ ofa 4 EG. , — 
abi 2 } . 5 a , 
dpnone sso1p ton 2esw AGH oF bios os Ps 


- 
hior vided aft Be nolssobttbem aint 
siefe so 2#t+imisg to sort iaos eng vd aon ton 


avitivoqeh hiss ofsuxs no tos?ts ga pie on bet 
aty eaw corevrssdo efad ieyeb of wil os bal ¢ reteis 2 


.atromi ages owt ry a | 
ang 
bios vise? edt eer o soo'te edt 7 in 


a 


nokgs 2OCIIOO 


- ww AS 


bins abolo xo Sistimlsaq Jo morcaehbs as yd #aJ bos AGH Ro 
-te5 brs Jua6d at bios obonseosks Bo noistbeoges sax a0) 1 : 
steoiisy to BeeyisndA .01 sides? ot pwone ot bugis 2269. 
+eHt bewore etnemtssaa Zo tnomepns tts Isitotost oft io al 
Yd AYH to softieocemoo bios tins ads to aottsoitibom i 
vitneottinnhe at khetivesx bios ofelo to notsibbs. oft 
ine tusen dad at bibs Dfong200ls io noitsLumvoos 
Bios oitinbea to aebsibbs sdzt bob apis ouepis 24 
aI .henidmes syew atnemitegxe died to atiueos sda nod 
iaeoitiapte asw soette she \etaeniiseqxs Isubivibat 
-18¢xH ni bevasado esw Basat 8 ylao gud Al trem 10qx 
Io mAoLsfeoqmo> Biss Ystdst Say To nobseol tbo Es 
to aofstiazough ods no sos378 titeoitinpie on E 
_b’ail eegouso bas tibet af Gros oko 


TABLE 10 31 


Eicosenoic acid content! of heart and carcass fat of chicks fed 
experimental diets. 


Dietary level 
Oil Padwhttic Oleic Exp. i day 20701 "26 da 
acid acid No.2 Carcass Heart arcass heart 
st g 2 g 3 ry 
HER 200 1 Leow te fk, gi] a2 0 ard 2 
ETE a, 0 a ees: 1S 
8.4 9.0 1d 11.0 
HER 15° 5 lh | 7.5 5.8 8.0 8.8 
tie abu Fl 9.9 es 
pei 7.0” 9.0? wane 
HER- 16! Oe BA 56 (hey fey 
fae od Be #9 8.4 
ane eT Fase a 
: | 
PER 20 2 ach 4.7 1.4 2.0 e,'8 
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enxper iment 1 refers to this experiment, experiment 1A to data 
obtained by Clement (1974) in a similar study. 


Eee footnotes 3-5, Table 2. 


4 values are averages of duplicate groups. Underlined values 
are averages of duplicate experiments. Values for carcass and 
Jor heart samples obtained for a given feeding regimen without 


acommon letter in their superscript are significantly different 
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Discussion 

The tinding chat chicks «fed diets zeontaining .15 
parts .HER plus -5 parts palmitic.acid,had similar .rates 
of growth, feed intakes, and heart size when fed ad 
libitum, and energetic efficiency when pair-fed, to 
chicks fed diets containing 15 parts HER plus 5 parts 
Oleic acid showed that the depression in growth, re- 
duced energetic efficiency and increased heart size 
observed in chicks fed diets containing HER was not 
due to an unbalanced saturated to monounsaturated 
fatty acid ratio, at least when palmitic acid was fed in 
the free form. 

Walker (1970) observed that the addition of 5% 
tallow.to.a-diet,.containing.20%e<HER. significantly in- 
creased weight gain of chicks after 21 days, and attri- 
buted this effect to the presence of the saturated 
fatty acads;,palmitic.ands steavic,.iny tallow, «However, 
in agreement with the results of the present study, 
Walker.(1970) found thateyithesadditionso£ 2e5.0r 5% of 
a,mixture.of palmitic, and,'stearic acids had, nojsignifi- 
cant beneficial effect on chick growth. 

In work with the rat, a beneficial effect on growth 
of increasing the saturated fatty acid content of diets 
containing HER has been demonstrated in some experiments 
(Beame.et.21..4. 2963),,. but. could not. be, reproduced in 


others (Beare-Rogers et .al., 1972). Furthermore, 
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33 
Rocquelin et al., (1970), as a result of feeding mix- 
tures of synthetic triglycerides of similar saturated 
to unsaturated fatty acid ratio to HER, have concluded 
that when the dietary linoleic acid supply exceeds 10% 
Of the total Tatty acid CORTEAR (as in rapeseed oils), 
there is no growth depressing effect due to an unbal- 
anced ratio of saturated to monounsaturated fatty 
acids in the diet. 

The addition of saturated fatty acids to a diet 
containing HER has been observed to produce a variable 
response on chick growth. Clement (1974) observed that 
decreasing the level of HER in the diet from 20 to 15 
parts and adding 5 parts palmitic acid significantly 
improved weight gain of chicks fed ad libitum and 
energetic efficiency of chicks pair-fed for 26 days. 
Since in Clement's experiment the diet containing 15 
parts HER plus 5 parts palmitic acid had similar nutri- 
tive properties to a diet containing 15 parts HER plus 
5 parts oleic acid, the growth promoting effects 
observed may have been due, at least in part, to the 
reduced level of HER in the diet. The reason why in 
contrast to Experiment 1A, reducing the level of HER 
from 20 to 15 parts failed to increase weight gain in 
Experiment 1 is not known. 

That erucic acid and eicosenoic acids contained in 


HER contributed to the decreased growth, reduced 
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energetic efficiency and enlargement of the heart of 
chicks fed diets containing HER is shown by the finding 
that chicks fed diets containing 20 parts LER grew 
faster, utilized energy more efficiently and had smaller 
hearts than chicks fed comparable diets containing HER. 
Similarly, Vogtmann et al. (1973) observed that chicks 
fed diets containing 15% LER for 4 weeks grew faster 
than chicks fed diets containing 15% HER. In contrast, 
Sheppard et al. (1971) found that chicks fed diets con- 
taining 16% LER for 3 weeks grew at a rate site diar to 
chicks fed diets containing 16% HER and significantly 
Slower than chicks fed diets containing 16% corn oil, 

In studies with the rat it has been well demonstrated 
that erucic acid is the primary agent responsible for 
the growth depressing properties of HER (Abdellatif and 
Vles, 1973; Rocquelin et al., 1970; Thomasson and 
Bolddinghs«d 95 She 

Results of Experiment 1 and 1A showed that although 
LER had;ajhighersnutritiveevalue for vthe chickhthan.HER, 
it was inferior to SFO in the efficiency with which it 
was utilized by the chick in promoting tissue gain. 
Since,.inereasing,the palmitlerdcid anmtakecofechicks “fed 
diets containing LER did not enable them to utilize 
energy as efficiently as chicks fed diets .containing 


SFO, it can be concluded that some factor other than 
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35 
the low saturated to unsaturated fatty acid ratio in 
LER was contributing to the difference. Recently, 
Heijkensjold and Ernster (1975) have noted that mito- 
chondria isolated from the hearts of rats fed diets 
containing as little as 1.4% erucic acid for 2 to 4 
weeks oxidize substrates such as palmitylcarnitine at 
reduced rates. Thus they (Heijkensjold and Ernster, 
1975) suggest that erucic acid, even at low concen- 
tration, may interfere with the enzyme system involved 
in the mitochondrial oxidation of long-chain fatty 
acids. Whether low levels of erucic acid in LER con- 
tributed to the reduced energetic efficiency observed 
in chicks is unknown. 

The reason why supplementation of a diet contain- 
ing HER with oleic acid reduced the deposition of eru- 
cic and eicosenoic acid in the heart and carcass lipid 
significantly more than supplementation of a comparable 
dietewith palmitiac.acid. is-unknown. One. factor which 
may contribute to the difference is the fact that oleic 
acid is more completely absorbed by the chick than 
palmitic, acid.(Rennergand, Hill; ,1961),, thus reducing 
the concentration of erucic: and..eicosenoic, acid) presen- 
ted to the heart and skeletal muscle for oxidation. 
Renner and Hill (1961) have reported the absorbability 
Of OL¢ic.. and palmitic acid to be So -and -1% respec- 


tively. 
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EXPERIMENTS 2 AND 3 


Results of Experiment 1 and those of Clement 
(1974) showed that chicks fed a diet containing 20 
parts high or low erucic acid rapeseed oil required 
more energy per unit of energy gained than chicks fed 
a ULrercOncaining 20. parts sunflowerseed oil. The 
following studies were, therefore, designed to deter- 
mine whether”energy utilization is altered-in rapeseed 
oil diets by dietary induced transitions in mitochon- 
drial metabolism and concomitant alterations in meta- 


bolic conservation of energy. 


Materials and Methods 


Diets containing 20 parts high erucic acid rape- 
seed oil (HER), 20 parts low erucic acid rapeseed oil 
(LER), or 20 parts sunflowerseed oil (SFO) were formu- 
lated from the high carbohydrate diet (Table 1), by 
substitution of the test oil isocalorically for glucose. 
Metabolizable energy values used in formulation of the 
diets were; glucose 3.64 kcal/g (Hill et al., 1960), 
HER 7.37 kcal/g, LER 8.79 kcal/g and SFO 8.88 kcal/g 
(Renner, 1967). Cellulose was added to improve texture 


and maintain a similar caloric density between the diets 
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Since determination of metabolizable energy was not 
intended, chromic oxide mix was omitted from the diets. 
The composition of the diets is shown in Table 1l. The 
fatty acid composition of the oils is shown in Table 12. 

Two duplicate experiments were conducted. In each 
experiment, the diets were fed to duplicate groups of 
10 male crossbred (Dominant White X White Plymouth Rock) 
chicks,from 4 to 11 and from 4 to 32 days of age. Feed 
intakes of chicks fed diets containing LER and SFO were 
restricted to that of chicks fed diets containing HER. 

The method of allotment, feeding and housing of 
chicks ‘has been described (Experiment 1). Data on 
growth and feed consumption were obtained weekly and 
feed wastage was determined daily. 

At the end of each feeding trial chicks were killed 
by decapitation. Tissue was immediately excised for 
isolation of mitochondria as described by Dow (1967a, 
1967b), and tissue analysis of fat and fatty acid com- 
position by methods described previously (Experiment 1). 

Initially 5 chicks per group were killed for isola- 
tion of mitochondria from the right ventricle of the 
heart. Subsequently, the remaining 5 chicks in each 
group were killed for isolation of mitochondria from 
muscle of the lower leg (peroneus longus and tibialis 


anterior). At the same time tissue samples of heart 
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VABLE 11 


Composition of diets 


Type of diet 


Constant 1 2 
Oil arene ingredients Glucose Cellulose PoOta'L 
g g g a g 
SFO" 20 Salts 4.81 9.44 85.38 
HER? 20 Saas 1a 9.44 93.68 
LER® 20 Syl) ee il 9.44 85.88 


eT eae. 


*alpha-floc BW-40. Brown Company, Berlin, New Hampshire. 


> sunflower seed Onl. Save lon? Co-op Vegetable Oils Ltd., 
Altona, Manitoba. 


*High erucic acid rapeseed oil. Western Canadian Seed 
Processors Ltd., Lethbridge, Alberta. 


Tet erucic acid rapeseed oil. Western Canadian Seed 
Processors Ltd., Lethbridge, Alberta. 
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TABLE ©. 12 


Fatty acidycomposi tion of: ontls 


Percent of. total fatty“acids 


Fatty Acids sro! HER? LER* 
14.0 Oil Qa Onn 
£6. 0 Oto 2e9 4.7 
df Spiel Graal O.2 Os 
138..:0 ee 8) a 8, oe 
Lon Ste di 335.0 a5'.2 
Pee 70.4 iS yee Sa aKO 
18.3 O26 4.7 8.8 
200 0.6 Gia 0.4 
20g n: 0.6 1 i aa Sa) 
22:0 A See 0) 0.6 0.4 
POLS Vey: 24:29 oe | 
1 See footnotes 3-5, Table tl. 
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and leg muscle were removed and stored at ~gar until 
analyzed for fat and constituent fatty acids. 

Tissue removed for isolation of mitochondria was 
immediately cut into small sections and washed with 
several portions of chilled isolation medium containing 
mannitol 0.21M, sucrose 0.07M and EDTA 10 mM, to re- 
move external blood. Subsequent isolation procedures 
were conducted at 0 to 5°. After tissue homogenization 
in a glass-teflon tissue homogenizer, the homogenate 
was centrifuged (500g for 5 min ), filtered to remove 
lipids and recentrifuged (12090gfor 10 min).. The 
brown mitochondrial pellet was resuspended in isolation 
medium (10 mls) containing 0.5% (w/v) heparin and 
Centra CLuged, .(.2400g..for, 5 min,).. Mitochondria were then 
suspended in a solution containing mannitol 0.21M, 
sucrose O207M, EDTA ~l0OmM, Tris-HCl butter 0,.01M.(pH 7.4), 
albumin” 0.1% (w/v) and heparin 330 units/ml. Protein 
was measured by a colorimetric method (Lowry et al., 
LOS #)*: 

Mitochondrial rates of oxygen uptake and respira- 
tory control indices were measured polarographically 
at ae using a YSI oxygen monitor (Model 53, Yellow 
Springs Instrument Company, Ohio, USA), equipped with 


two Clark type oxygen sensors in the following reaction media: 
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41 
pyruvate 10mM with malate 2mM; KCl 15mM; potassium 
phosphate 30mM; Tris-HCl, pH 7.4, 25mM; sucrose 45mM; 


mannitol 10mM; MgCl. 5mM; EDTA 7mM; albumin 0.2% (w/v); 


Z 
glucose 20mM; cytochrome C 0.015mM; NAD 0.5mM; mito- 
chondrial protein 180-300ug; total reaction volume 2 
mls. A standardized amount of ADP (220 nmoles) was 
added after the basal respiratory rate was determined. 
The state 3 respiratory rate in the presence of ADP, 

the state 4 respiratory rate after exhaustion of ADP, 
respiratory control indices and ADP/0 ratios were 
determined on third and subsequent cycles as described 
by Chance and Williams (1956). The uncoupling action 

of free fatty acids liberated during mitochondria isola- 


tion or incubation was prevented by the addition of 


albumin and EDTA. 


Results 


Data showing average 7 and 28 day weight gain, 
energy consumption, and feed efficiency of chicks pair- 
fed diets in which 20° parts HER, LER or SFO was substi- 
tuted isocalorically for glucose in a high carbohydrate 
diet are summarized in Table 13. Analysis of variance 
and application of Duncan's multiple range test (Steel 
and Torrie, 1960) to the data showed that after 7 days 
pair-feeding no significant difference in weight gain 


or in feed efficiency was observed. After 28 days 


‘Mm@) seoxowa 3 
1(v\e) #2$.0 akmodiie mt pay | 
-osim : Mae. 0 GAM paseg yer mod 
§ emsiov noljosey Istor 4p @ ms 
asw (asfoemn OSS) 4GA lovdaw 
.beniortsssb eaw stent yrosexigas:! oleate: sate. 
944 to sonsessq.oft ai stet vioseniguerf atete 


.3G4 Io sorterpstits t9t26 star ysotaziqast & ogede ¢ 


| in 
ie 


” 


etew ecliss O\FGA Bus eool bal’ ipso: yioséxd 
hbediztoeeb as esioyo jtneebsadue Sma batcd no 6 toh 
nokjos prifqueccu sAT . (820L) emelililw bas eonsdoryd! 
-sloat sixbnodsotin pnitweh betstedif abiss ysest pew ie 
20 dotd bone od yd betnevsiq esw nortaeduont Jo 


ATC bas 


,1ise itnptow ysb BS bas 1 epsitevs paiwode se A 
-~1isgq adAnino to yonuskoflits Best bas ,coltgqiwanoo Yous 
-~itedve 2s5w O18 xo BSI .ASR etasg Of doidw ai atgib & 
otprbydodiss dpid s wi esoomtp 103, vilevizeléooss 
sombtisv to eteylenA ff, onde os post seme. exe oi 

(9972) tast epasx siqttiom e “nd Seu sthe- 10.42 
2yeb \ x9tie todd bewods steb, edt OF (ORCL .obex0! 
cise Jdpiow mi ennore22ib tnseitingta om pate | 

ayseb §$ setItA .bavrsedo asw yYoutstoriise bea? th 


“§ : 
a 


_ ir ana 


TABLE 


13 


42 


Weight gain, energy consumption and feed efficiency of 
chicks pair-fed experimental diets for 7 or 28 days 


Duration i 
my ee me) Exp. Mort- Weight Energy Feed 
feeding No. ality gain’ consumption efficiency 
20 g : 
: Days nisi As kcal kcal/g gain 
SFO i 2 0 94 429 4.54 
0 sg i be 512,, a 5.13, 94a 
HER? 7 ia eels ee 5.03 
3 0 28542 52244 a 5-33, 1,8 
2 
LER i 2 0 78 402 be 5 
2 0 2eg5e 451,5 b 4.90, 95a 
SFO 28 ys 0 590 3312 5.61 
3 1 55054 327335994 5-95, 7a 
HER 28 Z 2 614 3306 ope: 
a 5 643 79 326845978 5 08, 43h 
LER 28 Z 0 594 3299 SPsys’ 
3 1 570-958 3263359)4 5 72, 64a 
i. 


Calculated from calculated metabolizable energy values. 


2 


See footnotes 3-5, Table ll. 


ines are averages of duplicate groups. Underlined values 
are averages of duplicate experiments. Values without a 
common letter in their superscript are significantly 

ait ferent (Pe 0.05). 
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pair-feeding, however, chicks fed diets containing 

HER gained significantly more weight per unit of energy 
consumed than chicks fed diets containing SFO or LER. 
This finding is in contrast to results obtained pre- 
viously (Experiments land 1A) and may be due at least 
in part to loss of chicks fed diets containing HER 
during the last 10 days of the experimental period. 

Post mortem examination of chicks fed diets con- 
taining HER for 28 days showed that 2/3 had visual 
Signs of hydropericardium and 1/4 had abnormal livers 
(Table 14). Chicks fed diets containing SFO or LER 
bores days or SFO, HERs,~or LER efor, 7 days did not 
exhibit visual signs ot pathological heart or: diver 
changes. 

Hearts of chicks, fed. diets containing HER for 7 
and 28 days were significantly heavier than hearts of 
enieks fed diets contaiming LER er’ SFO (Table 15); 
however, results showed that the increase in heart 
Sire was snot cue £o,accumiulation of fat (Table 15). 

No significant difference in heart size or heart fat 
content was observed between groups fed diets contain- 
ing SFO or LER. Fat content of leg muscle from chicks 


fed the experimental diets was similar (Table 15). 
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TABLE 14 


Incidence of hydropericardium and abnormal liver changes 
in chicks pair-fed experimental diets for 7 or 28 days 


Duration.of Exp. Abnormal 
Diet feeding No. Hydropericardium liver changes 
Days incidence/total incidence/total 
chicks CHECKS oy. 
SFO" 7 2 0/20 0/20 
3 0/20 0/20 
HER? 7 2 0/20 0/20 
3 0/20 0720 
LER? 7 2 0/20 0/20 
3 0/19 0/19 
SFO 28 2 07.20 0/20 
3 0/19 0/19 
HER 28 2 7/18 37 18 
3 L/L 571.5 
LER 28 2 0/20 0/20 
3 0/19 0/19 


ledtarded and/or discolored. 


Petes footnotes 3-5, Table 11. 
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TABLE . 15 


Weight of hearts and fat content of heart and skeletal 
muscle of chicks pair-fed experimental diets for 7 or 


28 days. 
Duration, Exp. ijHeart Fat content 
of feeding No. size spe! Mice 
Days mg/g S wwb* 
SFO? y 2 p, tae Abad iF ke 
3 7.755 34a 10.10,, 5.8 4 18, 632 
ee 7 2 8.54 CW 4.44 
2 7.96, 95) 8.38, 3.) 3 503 974 
frie | 2 7.34 Tod 4.33 
5 7 S15 458 8.26, 5,ab 4 22, 998 
SFO 28 2 6.68 164228 See 
3 7 06, 972 16.68), 43a 3 574 378 
HER 28 2 8.98 16.84 2.65 
3 8 54,4 3¢P 17.07, ¢ 962 3-31, 992 
LER 28 2 6.60 eo a: 5.20 
3 6.90; 7.a 15.9415 ga 2.99, 448 
ah 
mg heart/g body. 
“Hetermined on a wet weight basis. 
Les footnotes 3-5, Table ll. 
*yalues are averages of duplicate groups. Underlined values 
are averages of duplicate experiments. Values without a 


common letter in their superscript are significantly 
dat ferent (P<"0705)- 
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Summarized in Tables 16 and 17 are data showing 
the ® saturated fatty acids, unsaturation index and 
6 n-9 fatty acids of lipids from heart and skeletal 
muscle of chicks pair-fed the experimental diets for 
J ano 2a days: “Ine level of saturated fatty "acras 
present in the tissues was consistently lower in 
chicks fed diets containing HER or LER than in chicks 
fed diets containing SFO, this difference was signi- 
ficant in cardiac lipid after / and #28 days” pairs 
feeding but not in skeletal muscle lipid. Chicks 
fed diets containing HER or LER had significantly 
lower unsaturation indices in skeletal muscle after 
23 days; and in;eapdiac. lipideafter 7 and, 2ZS8.days, 
than chicks fed diets»containing SFO.% The unsetur- 
tion indices of lipid extracted from skeletal muscle 
of chicks fed the experimental diets for 7 days were 
similar. Chicks fed diets containing SFO had a much 
lower (P< 0.01) %@ n-9 fatty acid level in heart and 
skeletal muscle lipid than chicks fed diets contain- 
ing HER or GER vat both 7 and 2e Gays. Chicks wed 
diets containing LER had a significantly lower % n-9 
fFeG@tveacad \commentjin cardiac lipid after 7 and 28 
days and in skeletal muscle lipid after 28 days than 
chicks fed diets containing HER. 
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TABLE 16 


Per cent saturated fatty acids, unsaturation Rides and 
$n-9 fatty acids of heart lipid from chicks pair-fed 
experimental diets for 7 or 28 days. 


O7et Duration Exp. % saturated Unsaturation Sn-9 
- Of feeding No. fatty acids index fatty acids 
een ce ee. ee ee, ee Ge oe as ae. 
y. S 
SFO Ti 2 LR eae) oy Oe 18.3 
3 12? Ty cae tots? 5 oh Be +8 219. Se 
Z 
HER i; 2 14.6 P2155 53.34 
3 + EC aby AP eee oaoe 52-5,3 4c 
LER Geo? 7 2 Meee cael 49.1 
3 WY. 054.92 133-7533 4) 48 O48. 6? 
SFO 28 Z Lew Loose E92 
3 13 643 6P 154.0,.3 ¢C 19.359. 54 
HER 28 2 9.8 L18s5 6.1L. b 
3 ») 39 42 124.6)5) 62 61.56) 6° 
LER 28 2 9.4 133.4 OZ eS 
3 9-74 62 Mee RE rae S51 8.5 oP 


lunsaturation index; sum of individual unsaturated fatty acid 
X number of double bonds. 


Epa footnotes 3-5, Table ll. 


svalues are averages of duplicate groups. Underlined values 
are averages of duplicate experiments. Values without a 
common letter in their superscript are significantly 
different (P< 0205) . 
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TABLE sl 7 


Per cent saturated fatty acids, unsaturation index? and 
* n-9 fatty acids of skeletal muscle lipid from chicks 
pair-fed experimental diets for 7 or 28 days. 


Duration. of 


Aas feeding Fx $saturated Unsaturation  n-Y 
days ip oe ues, acids index fatty acids 
2 f 

SFO iy 2 FEE qa S585 POIs 

5 20.01, 98 135-6445 92 24.4,, 9a 
eae 
HER “| 2 IBS aes LLG eS Bae o 

3 16 846.28 119.914. 32 50 655 4) 
LER hay en ees 129.8 48.3 

3 14 644.92 129.4559 ¢@ 46 347.32 
SFO 28 Z L5e9 149.7 i ey a 

3 14 015 9g? 152.856) 9c 19 439.52 
HER 28 2 94 119.6 60.5 

Ss 10 29 62 124.5555. 98 59 769.4°¢ 
LER 28 2 Oi bee Bas ies 

2 a. 454 gab 135.2) 33 4P 48 259 4P 


lonsaturetion index; sum of individual unsaturated fatty 
acid X number of double bonds. 


BEN footnotes 3-5, Table 11. 
-values are averages of duplicate groups. Underlined 
values are averages of duplicate experiments. Values 
without a common letter in their superscript are signi- 
ficantly different (P« 0.05). 
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from cardiac muscle of chicks fed diets containing 
20 parts SFO, HER or LER is shown in Table 18. Analysis 
of variance and application of Newman-Keuls comparison 
between ordered means (Steel and Torrie, 1960) to the 
combined data of Experiments 2 and 3 indicated no 
Significant difference among the diet treatments for 
state 3 oxygen uptake rates, respiratory control index 
or rate of ATP synthesis after 7 or 28 days pair- 
feeding. However, ADP/O ratios were significantly 
lower for chicks fed diets containing HER for 28 days 
than; or chicks fed diets containing SFO for 28 days. 
ADP/O ratios observed for chicks fed diets containing 
LER for 28 days were intermediate between and not 
Significantly different from those Been for groups 
fed diets icontazning SFO on HER for} 283dayss 

Statistical analysis ‘of the data for the: andivi- 
dual experiments following 28 days pair-feeding showed 
that in Experiment 2 there were no significant differ- 
ences among tie diet treatments in rate of state 3 
oxygen uptake, respiratory control index or rate of 
ATP synthesis. In Experiment 2 chicks fed diets con- 
taining 20 parts HER had significantly lower ADP/O 
ratios than chicks fed diets containing 20 parts SFo, 
Chicks fed diets containing LER had ADP/O ratios inter- 
mediate between and not significantly different from 


those of chicks fed diets containing SFO and HER. 
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TABLE - 18 


Oxidative activity of cardiac mitochondria isolated in the 
presence of heparin from chicks fed diets containing SFO, 
HER (Or SBLERG@Lor ii} tor 8238 odaye: 


Duration Rate of Respira- 
of state 3 teny Rate of ATP 
feeding Exp. oxygen control synthesis 
Diet No. uptake index ADP/O 
days ng atom/mg m moles/mg 
protein/min protein/min 
a 2a a a a 
SFO, y 3 1118¢ 2.72, 2.02, 2228, 
HER d 3 1108 Oo Me Di2 2176 
LER 7 Be 020" 2.05% 2408) Ag 
SFO 28 2 aie 2.64 UES Bs 2530 
Ss 1816 4.06 2.34 4263 a 
15242 S05 male, ooo 
HER 28 Zo eters 2.59 1.66 3020 
3 aBaye; 2) ef SHAS) eg Los - Le 2 
1704 2 HO, eke 2921 
LER 28 3 1209 rt 15, S26 EAS 
3 1691 Sie 0183 ls 93 ab?-1® - 
1450° 2.91 1.84 2671 


ee footnotes, Table ll. 


-values are averages of duplicate groups for Experiment 3. 
Values for Experiment 2 have been omitted as chicks in this 
experiment were without light and feed prior to termination 
of the experiment. Values without a common letter in their 
superscript! are:'significantly dafterenvt(® < 02 059% 


3values are averages of duplicate groups. Underlined values 
are averages of duplicate experiments. Values without a 
common letter in their superscript are significantly 
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Analysis of variance of the data for Experiment 3 
showed that, as observed in Experiment 2, there were 
no significant differences among the diet treatments 
in rate of state 3 oxygen uptake and LeEsSpivaLor ve cOuLrOL 
index alter 28 days pair—-feéeding. However, in xperi= 
ment 3 chicks fed diéts containing HER or LER had 
Significantly lower ADP/O ratios and rates of ATP synth- 
esis than chicks fed diets containing SFO. ADP/O ratios 
and rates of ATP synthesis of chicks fed diets contain- 
ing HER and LER for 28 days were similar. 

Oxygen uptake studies of mitochondria isolated 
from skeletel muscle of chicks fed diets containing 
HER indicated significantly lower rates of state 3 
oxygen uptake and ADP/O ratios after 7 days pair-feeding 
when compared to chicks fed diets containing SFO (Table 
Lone Chicks ted daetsycontaining GER for 7) days*had 
rates of state 3 oxygen uptake. and rates. of ATP syn- 
thesis which were intermediate between, and not 
Significantly different from those of chicks fed diets 
containing erthéersSFO or HER. 

Mitochondria isolated from the skeletal muscle of 
chicks pair=-fed diets containing SFO, HER or LER for 28 
days hadasimi lan’ ratestof state’ 3. oxygen uptake and ATP 
synthesis; however, ADP/O ratios of chicks fed diets 


containing HER were significantly lower than those of 
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TABLE 19 
Oxidative activity of skeletel muscle mitochondria isolated 


in the presence of heparin from chicks fed diets containing 
SFO, HER€0Oh, LER Stor... oi 328: days;. 


Duration Rate of Respira- 
OE State 3 tory Rate of ATP 
feeding Exp. oxygen control synthesis 
Diet No. uptake index ADP/O 
days ng atom/mg m moles/mg 
protein/min protein/min 
srot 7 3 Sais ie ae oe 7307 
HER? 7 3 461> ras 0.94° a30% 
LER+ ai 3 ete pega? 1230" 670" 
SFO 28 Z Hee Lis ia Gig 769 
3 300 92 Ziel, pilst 
532 1.85° 186s jy 925 
HER 28 Z 454 ZU este: 684 
3 672 ms Keg hd b | ae A B36 
563 Zetenlt 1.64 910 
LER 28 a 425 2209 ie TES 743 
2) Ae 1 gpg be . Leow b 956 s 
474 £90 eS 0 85 
A 


Pee 2oOotnotesms- 5) Tabilie: 11s. 


-values are averages of duplicate groups for Experiment 3. 
Values for Experiment 2 have been omitted as chicks were 
without light and feed prior to termination of the experi- 
ment. Values without a common letter in their superscript 
are significantly different (P) <0.05).. 


3values are averages of duplicate groups. Underlined values 
are averages of duplicate experiments. Values without a 
common, letter in their superscript are significantly 
Cirierent. (b<-0505)% 
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chicks fed diets containing LER or SPO. The results show 
ADP/O ratios of chicks fed aes GOntaining of O and, LER 
were similar. Statistical analysis showed that there 
were no differences between the results of Experiment 2 


a 


and Experiment 3. 


pbiscussion 


Results of these experiments with chicks indicate 
that the ADP/O ratios of mitochondria isolated from 
skeletal muscle after 7 and 28 days, and cardiac muscle 
azter 28 days*of consuming a’diet containing ‘20° ‘varts 
HER were lower than when diets containing 20 parts SFO were 
consumed. These results suggest that the reduced 
energetic efficiency (kcal consumed/kcal gained) obser- 
ved Tor+ehveks®©fed diets containing 20 parts HER “(Ex- 
periments 1 and 1A, Tables 6 and 7), may be the sequel 
of impaired mitochondrial function with respect’ to 
metabolic energy conservation. Thus, although chicks 
may consume the same amount of energy from diets con- 
taining HER, fat gain atid energetic efficiency are 
lower than for chicks fed diets containing SFO. 

No significant differences in the averages of 
pooled ADP/O ratios or rates of ATP synthesis were 
observed between mitochondria isolated from the heart 
and skeletal muscle of chicks fed ciets containing LER 


and chicks fed diets containing SFO, although values 
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54 
for LER were lower after 28 days. Thus the effect on 
chick mitochondria of feeding diets containing LER 
remains to be clarified. In this regard it should be 
noted that in vivo estimation of energetic efficiency 
(kcal consumed/kcal gained) showed LER to be utilized 
less efficiency than SFO, but more efficiently than HER. 
The possibility exists that erucic acid, even at the 
very low levels present in diets containing LER, may 
have contributed to the reduced fat deposition and 
energetic efficiency observed in chicks fed diets con- 
taining 20 parts LER in Experiments 1 and 1A (Table 6). 
In studies with the rat, Heijkensjold and Ernster (1975) 
have reported that diets containing as little as 1.4% 
erucic acid caused a marked reduction in the rate at 
which isolated heart mitochondria oxidized such substrates 
as palmitylcarnitine, but had little effect on the 
rate of oxidation of Krebs-cycle intermediates or glut- 
amate. Thus, Heijkensjold and Ernster (1975) have 
suggested that the primary effect of erucic acid may be 
interference with the enzyme system involved in the 
mitochondrial oxidation of long-chain fatty acids, with 
subsequent secondary effects on mitochondrial respira- 
tionrand energy, supply to.the heart. 

The finding that mitochondria isolated from cardiac 


and skeletal muscle of chicks fed diets containing HER 
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Showed reduced ADP/O ratios, but similar rates of oxygen 
consumption and ATP synthesis when compared with chicks 
fed diets containing SFO is in contrast to some results 
reported for .the rat., Thus, Houtsmuller et Ske (1970) 
found that after 3 days feeding, cardiac mitochondria 
from rats fed diets containing HER had decreased rates 
of oxygen uptake and ATP synthesis, but only slightly 
reduced ADP/O ratios, when compared with control rats 
fed diets containing SFO. On the other hand, Dow-Walsh 
et al. (1975) have reported no significant differences 
in rates of oxygen uptake or ATP synthesis of cardiac 
mitochondria freshly isolated in the presence of heparin 
from rats fed diets containing 20% by weight of either 
corn oil or HER. Clandinin (1976a) has observed reduct- 
ions 42n.substrate flux, as well as reduced ADP/O ratios 
and respiratory control for mitochondria isolated. from 
rats fed HER. In these studies only prolonged feeding 
Of. .LER resulted in statistically significant alterations 
in efficiency of oxidative phosphorylation. 

The effects on chicks ‘and rats. of feeding diets 
containing HER has been shown to vary in other respects. 
Thus, xesults of ‘the present experiments and those of 
others (Clement, 1974; Vogtmann et al., 1974) have 
shown that unlike the. rat (Abdellatif and Vles, 1970a, 


1970b; Houtsmuller et al., 1970; Kramer, 1973) the 
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Gnick 1S not subject to either an early rapid rise in 
Healt bipia, Ob oO accumulation Of CLucClC -Aacia Jim 
Heart lipid: "Studaes have also shown that unlike the 
rac (AbdellVatir and Vies, 1970a) the chick does not 
accumulate Lipid in skeletal muscles when fed diets 
containing HER. 

Explanation for the rt le pathological and 
biochemical effects of rapeseed oil feeding on rats 
has been sought by many researchers. Heijkenskjold 
andsebenster, (19/5).-.as a result Of inpvivo gand iin 
vitro experiments on the effects of erucic acid on 
the oxidative metabolism of rat-heart mitochondria, 
have suggested that erucic acid causes inhibition of 
thie anstial step of fatty acid oxidation), at the acyl 
CoA dehydrogenase level. Such a specific inhibitory 
eirect by erucic acid could account Sor the fat ‘accumu- 
lation observed in the hearts of rats fed a diet con- 
taining HER (Abdellati®e and Vies, 1970a, 1970b; Houtse- 
miller eb al., 19/705) Hornstra, 29723 Kramer: etal. Los), 
as well as for less specific inhibitory effects on 
mitochondrial respiration and thus energy supply. Similar 
observations have been made by Christopherson and 
Christiansen (1975) who, in agreement with previous 
studies (Christopherson and Bremer, 1972; Heijkenskjold 


and Ernster, 1975) noted that the rate of oxidation of 
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Swi 
erucylcarnitine was much slower than that of palmityl- 
carnitine, and that the presence of erucylcarnitine 
caused a significant inhibition of the mitochondrial 
oxidation of palmitylcarnitine. Christopherson and 
Christiansen (1975)have suggested that sequestration offree 
CoA in the form of slowly metabolized erucyl CoA may 
be partially responsible for the observed inhibitory 
effects of erucylcarnitine on the oxidation of CoA 
dependent substrates. Thus, in support of earlier 
work by Christopherson and Bremer (1972), these workers 
propose that the accumulation of triacylglycerols in 
the hearts of rats fed diets containing HER may be 
caused by both an inhibitory effect of erucic acid on 
the mitochondrial oxidation of other fatty acids and 
by the low rate of oxidation of erucyl CoA in the 
mitochondria. 

In contrast, studies by Swarrtouw (1974) and Cheng 
and Pande (1975), have demonstrated that erucic acid 
does not interfere with the B-oxidation of other fatty 
acids by rat heart mitochondria, but rather erucic acid 
is itself more slowly oxidized. Thus, increased depo- 
sition of triglyceride has been attributed to increased 
triglyceride synthesis due to slower oxidation of 
erucic acid and also a simultaneous inhibition of lipo- 


lysis due to the presence of free erucic acid (Cheng and 
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Pande, L975). 

Failure to activate erucic acid has been proposed 
as the rate limiting step in the overall metabolism of 
erucic acid by rat heart (Kramer; 1973; Blond et al., 
1975; Cheng and Pande, 1975). More recently Korsrud 
ec alz, (1976), have’ meastired’ rates of ‘acyl Con 
dehydrogenase reactions in the p-oxidation of long 
chain fatty acids by rat-heart mitochondria. These 
workers suggest that the activity of acyl.CoA dehydro- 
genase decreases with increasing fatty acid chain 
tength,, and further go on to suggest “that reduced “activ— 
ity of acyl CoA dehydrogenase with erucic acid could be 
responsible for the accumulation of lipid in the heart 
of rats fed a diets containing HER. Earlier work by 
Bulhak-Jachymczyk and Hubner-Wozniak (1974), has indica- 
ted difficulty in. the carnitine dependent transport of 
erucic acid to the site of p-oxidation. 

Changes in the mitochondrial membrane composition 
by dietary fatty acids has also been proposed as the 
cause of impaired energy metabolism in animals fed 
deete containing HER, (Clandinin, io 76b).) Blonstrand 
and Svensson (1974, 1975), have demonstrated that in 
rats, erucic acid is incorporated. into’ mitochondrial 
cardiolipin. Furthermore, as the erucic acid content 


in the membrane increases there is a corresponding 
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decrease in the linoleic) acid content: of cardiolipin. 
The molecular structure of component fatty acids in the 
lipid molecules of the mitochondrial inner membrane 
influence the physical properties of this membrane 
(O'Brien, 1967). Thus it is suggested that the specific 
inne DLTOory ertect of Sruiciceacid. on mitochondrial 
metabolism is related to dietary induced transitions 

in mitochondrial membrane fatty acid composition, 
thereby causing site specific alterations in molecular 
structure of membrane lipids known to interact with 
mitochondrial proteins involved in oxidative 
phosphorylation. 

Although extensively studied the causes of the 
short-term, initial lipid accumulation in the hearts of 
rats fed diets containing HER, and of the long term 
lesions in the hearts of rats fed diets containing HER 
or LER (Beare-Rogers et al., 1974; Charlton et al., 
19/5 Rocguedin et als, 1970, 12971), have, not been clearly 
defined. Similarly the cause of decreased efficiency 
in the usage of digested calories by rats fed diets 
containing HER (Hornstra, 1972), are not known: Whilst 
decreased rate of oxidation of substrates by mitochon- 
dria isolated from the heart of rats fed diets contain- 
ing HER and LER has been demonstrated by some workers 


(Houtsmuller, 1970; Heijkensk$ld and Ernster, 1975; 
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60 
Clandinin, 1976a), other workers have failed to show 
this (Dow-Walsh et al., 1975). 

Since incorporation of HER in the diet of the 
chick does not result in accumulation of lipid in 
cardiac and skeletal muscle, the aforementioned factors 
proposed as contributing to lipid accumulation in 
cardiac muscle of rats fed diets containing HER may or 
may not have contributed to the decreased energetic 
efficiency observed both in vivo and in vitro in the 
chick. The reason(s) for the decreased efficiency of 
utilization of substrate by mitochondria when chicks 


are fed diets containing HER remains to be elucidated. 
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SUMMARY 


1. Chicks fed diets containing HER supplemented 
with palmitic acid for 3 to 4 weeks grew at the same 
rate, deposited similar amounts of fat, utilized energy 
as efficiently and had similar heart size as chicks 
fed diets containing HER supplemented with oleic acid. 
These results show that the depression in growth, re- 
duced fat deposition, decreased energetic efficiency, 
and enlarged hearts observed in chicks fed diets 
containing HER was not due to a low content of satu- 
rated fatty acids in the diet. 

2. Chicks fed diets containing LER for 3 to 4 
weeks grew faster, utilized energy more efficiently, 
and had smaller hearts than chicks fed diets contain- 
ing HER. These results show that the erucic and 
eicosenoic acids contained in HER contributed to the 
decreased growth, reduced energetic efficiency, and 
enlarged hearts of chicks fed diets containing HER. 

3. Chicks pair-fed diets seus is 20 parts LER 
for 3 to 4 weeks deposited less fat and utilized energy 
with less efficiency than chicks pair-fed comparable 
diets containing SFO for 3 to 4 weeks. Since increasing 
the palmitic acid intake of chicks fed diets containing 


LER did not enable them to utilize @nergy with any 
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62 
greater efficiency it can be concluded that some 
factor other than the low saturated to unsaturated 
fatty acid ratio was contributing to the difference. 

4. Supplementation of a diet containing HER with 
Oleic acid reduced the deposition of erucic acid and 
eicosenoic acid in heart and carcass lipid signifi- 
cantly more than supplementation of a comparable 
oiee withspalmitte acid, when the diets -were' fed for 


either 7 days or 3 to 4 weeks. 


5. Mitochondria’ isolated from cardiac and skeletal 


muscle of chicks fed diets containing HER for 28 days 
showed similar rates of oxygen consumption and ATP syn- 
thesis when compared with mitochondria isolated from 


chicks fed diets containing SFO. However, ADP/O ratios 


of mitochondria isolated from chick cardiac and skeletal 


muscle after 28 days of consuming a diet containing 20 
parts HER were lower than when 20 parts SFO were con- 
sumed. These results suggest that uncoupling of oxi- 
dative phosphorylation may have contributed to the 
decreased fat deposition and reduced energetic effici- 
ency (kcal consumed/kcal gained) observed for chicks 
fed diets containing 20 parts HER. 

6. Mitochondria isolated from cardiac and 
skeletal muscle of chicks fed diets containing LER 


for 28 days showed similar rates of oxygen consumption 
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68 
and ATP synthesis to mitochondria isolated from 
cardiac and skeletal muscle of chicks fed comparable 
diets containing SFO., ADP/O ratios of mitochondria 
isolated from cardiac and skeletal muscle of chicks 
fed diets containing LER for 28 days were found to 
be lower, but not significantly lower, than when diets 
containing SFO were consumed. Thus, whether uncoupl- 
ing of oxidative phosphorylation contributes to the 
decreased fat deposition and energetic efficiency 
(kcal consumed/kcal gained) of chicks fed diets 


containing LER remains to be established. 
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7 ius 
Fatty acid composition of heart and carcass lipid of 
chicks pair-fed experimental diets for 7 days (Exp.1l). 


a 


Per cent of total fatty acids 


Fatty Lee eR a ae ee ROR sect 
acid l 5 Palmitic..Oleic  Palmitic, Oleic 
SFO HER LER acid acid acid acid 
L430 Carcass £0%8 O18 OR? 0.33 0.8 O77 0.8 
Heart Ose fOr 0.2 Ons 0.6 03 0.4 
16.0 }Gamcass +16..6 1674.5 15.8 26.9 pies Bap 21.8 a Be Be 
Heart Peli to fi 17.8 8.4 2A oh Ll 
16.1 tGaneass 33.47 322 25 32 a.6 2haz Zed 
Heart d Ag eee TANG 2.6 BS ERS 2a 
1820 iG@ancass 7.1.5) 5.36 oye et 6.0 4.4 5G 4.0 
Heart aC Ow sec an 6 4.9 3.15 225 B62 
1831 Gancass 2046.93535.7.551:3 31 3 45.4 47.0 57.6 
Heart Seo A Oe OOO US had! 46.6 4 By ab 
18? 2n@arcass 477% 27 1530.7 16.2 14.6 18.2 1.4 ED5/03 
. Heart 6527) 29.57 SeS0eG 24.8 22) 2925 24.5 
18°23 Marcass 01.37 421 LS 2.8 1.8 1.8 2.0 
Heart Deon. 4 4.9 4.6 4.8 4.9 4.2 
20.0 @Careass 0825 0.24 0.5 0.8 0.85 02.3 0.4 
Heart ~ - - - ~ - 
20.1 @ameass 2632 9.6 | 7.5 6.0 3.9 x8 
Heart ORG: Ve Oiek L4 530 5.6 pee ee 
22.0 G@Gareass O824 015 0.4 0.5 Oe4 0.4 04.3 
Heart 0.9 O28 0.9 0.9 0 Ona 0.6 
22.1. Gareass 0867 7.9 L238 6.0 5.9 IS 13 
Heart Oe oe 023 AS 3.9 0.5 O23 
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2High enueiceacid!rapsced oil. 
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Low erucic acid rapeseed oil. 
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Fatty acid composition of heart and carcass lipid of 
chicks pair-fed experimental diets for 20 days (Exp.1). 


Rie aan Per cent of total fatty acids 


HER + LER + 
PeEey ¥ : Palmitic Oleic Palmitic Oleic 
Acid SFO HER LER acid acid acid acid 
14:0 Carcass OZ O=4 0.4 0.5 0.5 0.5 8 ees 
Heart Ora ORD 06 2 O52 O24 O79 0.4 
16:0 Carcass 8.4 Sick, Pie! a1 ie ae eal 52.0 
Heart shed Sens: ea | See UBS As} 4.8 
16:1 Carcass Onto ee. ee 12,9 Ze h PRS: 1G 
Heart 0.4 eS 0.7 ees Ore? 0 1.9 
18:0 Carcass Ba 30 Ss: Beri Sa) 3.8 128 
Heart (lee ore 3.0 3.5 weal 235 PAS | 
gSe Carcass .20.1. .39.9 6225; Toure Be 5S3e3 Cie 
Heart ds yori Dmlarren 2 Eaay | 5S). eae Bole. 0 48.0 5729 
ieee Carcass . 64.6 . 20.8 20 233 Melia, 15.5 pcg 20% 
Heart Tee | ok 6@.1 pa2ea7. 20.6 DAT er | 25.5 
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Heart OD 5.8 a4 As S28 An 3 3.9 
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Heart Oy bed 0.8 O28 1 Al On 0.9 
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High erucic acid rapeseed oil. 


Show erucic acid rapeseed oil. 
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Fatty acid composition of heart and skeletal muscle lipid 
of chicks pair-fed experimental diets for 7 days (Exp. 2). 


Per cent of total fatty acids 
Pecey 


c 3 
acids sFor HER LER 
14:0 Skeletal muscle Cuz 0.4 0.3 

Heart 0.2 0.4 Oigs 
1620 Skeletal muscle 10.0 1064 8.6 
Heart 8.9 9.0 | #2 
1621 Skeletal muscle 0.8 1.6 lel 
Heart 0.8 1.6 0.9 
18:0 Skeletal muscle Sey 4.7 4a 
Heart eal, 4.6 3.9 
1821 Skeletal muscle 18.4 AZ ao 45.4 
Heart Lr 8 40.8 46.9 
18.2 Skeletal muscle 63.4 23 40 Jee 
Heart 64.7 ZA vel! oT er 5) 
18°23 Skeletal muscle 0.6 4:2 6.0 
Heart Oe 6.0 6.7 
20:0 Skeletal muscle 0.1 0.4 0.3 
Heart O33 0.5 0.3 
20:1 Skeletal muscle 0.4 6.6 1.8 
Heart 0.5 te 9 1. ¥ 
2220 Skeletal muscle 0.2 0.4 0.4 
Heart Qu 0.2 O.L 
221 Skeletal muscle 0.3 Be ioe 
Heart 025 5.0 O55 
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High erucic acid rapeseed oil. 


sow erucic acid rapeseed oil. 


em 
* * 
oo 


“1 @ 


Coe wo 
* * . 


un or an 
eo! ot i i or 


“co 


Y 2 


tu te ie “1 & mi 
» . . . « 
oo me ee oo 


a * 
ok 


ay mikes oo wT i) 
* J * « . 
oo ov 


* 
mre oo 3 GF 


"to Beouoass io re ow ; 


Aw 
. * ° ® 
o ef £f 


me tu 
* . « 


* 


on He OT 
» ¢ 
oS so oo oOo 


a 4 2» 
7 ave : bi & a Ase ce 


ater 


74 


Fatty acid composition of heart and skeletal muscle lipid 
of chicks pair-fed experimental diets for 28 days (Exp.2). 


Per cent of total fatty acids 


Fatty ae 
acid sFot HER? LER? 
14.0 Skeletal muscle 0.2 Onna. Ua2 
Heart Gol 0.2 0.1 
16:0 Skeletal muscle 9.0 oe 6.0 
Heart n.5 5.4 aS 
161 Skeletal muscle te ® y ie are 
Heart - 0.4 1.2 G7 
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Heart 5.8 Secu 365 
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Heart 18.1 44 33 48.8 
18:2 Skeletal muscle 64.5 22.9 29.6 
Heart 66.1 2202 3h. 4 
18:3 Skeletal muscle 0.8 G2 6.9 
Heart 0.6 ae fc domed 
20.0 ‘Skeletal muscle G25 0.4 0.5 
Heart O72 0.5 0.4 
20:1 Skeletal muscle O45 Mee. 2.8 
Heart OF 10.8 a) 
22:0 Skeletal muscle Ovid Ons oe 
Heart 8 ee O..0 Oo 
22°1 Skeletal muscle 0.4 5 oe 
Heart Oo 6.5 v0 
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Sunflowerseed oil. 


High erucic acid rapeseed oil. 
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Fatty acid composition of heart and skeletal muscle lipid 
of chicks pair-fed experimental diets for 7 days (Exp. 3). 


Per cent of total fatty acids 


Fatty srol HER? LER? 
acid 
14£0 Skeletal muscle 0.4 0.4 0.4 
Heart 0.2 0.4 O22 
16%0 Skeletal muscle 11.8 11.4 9.2 
Heart 9.0 9.2 Pee 
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Heart 56 4.0 And 
18:1 Skeletal muscle 23.3 36.6 43.9 
Heart 17.4 37.8 45.1 
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Fatty acid composition of heart and skeletal muscle lipid 
of chicks pair-fed experimental diets for 28 days (Exp. 3). 


Per Centeok total fattyeacids 
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